Objectives: The aim of this study was to determine if the levels of biochemical aneuploidy markers in in vitro fertilisation (IVF)/intracytoplasmic sperm injection (ICSI) pregnancies differ from those in spontaneous pregnancies and to verify if biochemical markers could predict pregnancy outcome in IVF/ICSI gestations. Methods: This was a prospective observational study performed in a group of 551 patients who underwent a combined first trimester prenatal screening (ultrasound scan and serum markers). All patients were divided into two groups according to the mode of conception: IVF/ICSI pregnancies (study group) and spontaneous conceptions (control group). The concentrations of first trimester biochemical markers were presented as multiples of median (MoM) and were compared between the study and control groups. Analysed pregnancy complications included: preterm delivery (PTD), small for gestational age (SGA), gestational hypertension (GH), preeclampsia (PE) and gestational diabetes (GDM). Results: The analysis was performed on 183 IVF/ICSI and 368 spontaneously conceived gestations, with complete data regarding obstetric outcome. There were no significant differences in the concentrations of biochemical markers between the analysed groups. Pregnancyassociated plasma protein-A (PAPP-A) levels were lower in hypertensive than in normotensive patients, although the difference was not significant. Twenty-three patients had GDM (12.5%), 16 had GH or PE (8.7%), SGA was diagnosed in 18 (9.8%) and 25 delivered preterm (13.6%).
Introduction
The number of children born after assisted reproduction techniques (ARTs) exceeded 6.5 million according to 2016 estimates, with the proportion of in vitro fertilisation (IVF) ranging from 0.8% to 4.1% of all deliveries in different countries [1] . In Poland, over 10,000 IVF/intracytoplasmic sperm injection (ICSI) procedures were initiated in 2012, with a 95% proportion of ICSI -it means that, with a success rate of over 30%, more than 3000 IVF pregnant women each year seek perinatal surveillance [2] .
Since the introduction of IVF, various concerns have been raised regarding the poorer perinatal outcome of ART singletons, especially in terms of preterm delivery (PTD) [1, 3, 4] . However, its causes are not completely clear and seem to be multifactorial. One of the causes is more advanced maternal age. The more advanced age already implicates a greater risk not only for aneuploidies, but also for various pathologies of pregnancy.
The current first trimester prenatal screening program concentrates on identifying women at a high risk of chromosomal abnormalities. It incorporates maternal age, an ultrasound screening at 11 + 0-13 + 6 weeks of gestation with the measurement of nuchal translucency (NT) thickness, additional markers of aneuploidy and two serum markers: pregnancy-associated plasma protein-A (PAPP-A) and free β human chorionic gonadotropin (β-hCG). The combination of NT and biochemical markers allows a 90% detection rate with only 5% false-positive rate for most common aneuploidies [5] . It is known that some conditions, such as ART procedures, can alter the results of biochemical markers, leading to overestimation of the risk of aneuploidy. However, the IVF population is more reluctant to undergo invasive procedures; therefore, all risk calculations should be corrected for the mode of conception [6, 7] . PAPP-A plays a role in the development and function of the placenta, therefore it can be used as a marker of complications related to placentation, such as gestational hypertension (GH), preeclampsia (PE) or intrauterine growth restriction (IUGR) [8] .
The primary aim of this study was to determine if the levels of biochemical aneuploidy markers in IVF/ICSI pregnancies differ from those in spontaneous pregnancies. The secondary objective was to verify if biochemical markers could predict pregnancy complications in IVF/ ICSI gestations.
Methods
This prospective observational study was carried out between July 2013 and December 2016 at the First Department of Obstetrics and Gynecology, Medical University of Warsaw. Pregnant women were recruited during a routine ultrasound scan at 11-13 + 6 weeks. All patients responded to a questionnaire on maternal age, racial origin (Caucasian, African, Asian or mixed), mode of conception (spontaneous or ART -only fresh IVF/ICSI transfers were taken into account), parity and medical history. Maternal weight and height were measured on the day of the scan. Only women who decided to undergo a combined prenatal screening (ultrasound and two first trimester serum markers: PAPP-A and free β-hCG) were included for further analysis. The exclusion criteria were: multiple pregnancy, major foetal anomalies, a known abnormal karyotype or maternal history of severe medical conditions, pregnancies obtained by oocyte donation or frozen/thawed embryo transfer.
A blood sample for free β-hCG and PAPP-A concentration was taken on the day of the scan upon consent of the patient (the analysis of biochemical markers in Poland is not reimbursed in a healthy population below 35 years of age). These biochemical markers were evaluated using the Delfia Xpress ® System by Perkin Elmer Life (Turku, Finland).
All patients underwent a routine first trimester scan in accordance with The Fetal Medicine Foundation [all ultrasonographers were certified by The Fetal Medicine Foundation (www.fetalmedicine.org)]. Patients were given their adjusted individual risk for trisomy 21, 18 and 13 using the Astraia software GmBH (Germany). Those with high risk were given the option of invasive testing for foetal karyotype. Data on pregnancy outcome were collected from the hospital maternity records or directly from patients.
All the initially included patients were divided into two groups according to the mode of conception: IVF/ICSI pregnancies (study group) and spontaneous conceptions (control group) (Figure 1 ). The concentrations of first trimester biochemical markers presented as multiples of median (MoM) were compared between the groups. Afterwards, the above-mentioned markers were also compared among patients presenting with selected pregnancy complications.
Analysed pregnancy complications included: PTD, small for gestational age (SGA), GH, PE and gestational diabetes (GDM).
PTD was defined as labour occurring before completion of 37 weeks of gestation. SGA was defined as foetal weight below the 10 th percentile for gestational age. PE was diagnosed according to the American College of Obstetricians and Gynecologists (ACOG) guidelines [9] . GDM was diagnosed according to the recommendations of Polish Gynaecological Society [10] . Statistical analysis was performed using the MedCalc software version.17.5. Data were presented as means ± standard deviations (SDs) medians or number of subjects and percentages. Statistical analysis was performed using the Fisher exact test for categorical variables and Mann-Whitney U-test for continuous variables. P-values <0.05 were considered significant and all tests were two-tailed.
Results
The final analysis was performed on 183 IVF/ICSI and 368 spontaneously conceived gestations, with complete data regarding obstetric outcome. There were several significant differences in baseline characteristics between the study and the control groups ( Table 1 ). The patients in the study group were significantly older and had higher pre-gravid body mass index (BMI). PTD was found in 13.6% of the patients in the study group (n = 25) and 6.5% in the control group (n = 25) (P = 0.005). Newborns in the study group had a significantly lower birthweight.
The median PAPP-A in the study group did not differ from that in controls and equalled (1.02 MoM vs. 1.06 MoM; P = 0.8). The free β-hCG serum concentration was also similar in the study and control groups (1.18 MoM vs. 1.17 MoM, respectively; P = 0.9). The biochemical markers' concentrations of both groups are presented in Figure 2 and Table 2 .
The evaluation of pregnancy complications in the study group was performed and afterwards compared with controls. In the IVF group, 23 (12.5%) patients had GDM in comparison to 31 (8%) in the study group (P = 0.08); 16 (8.7%) had GH or PE in comparison to 14 controls (3.6%; P = 0.01). SGA was diagnosed in 18 IVF pregnancies (9.8%) and in 31 (8%) controls (P = 0.4). The relation between biochemical markers' concentrations and study outcomes was analysed. The results are presented in Table 3A and B. There were no significant differences in biochemical markers' concentrations between patients with and without pregnancy complications in the study group. PAPP-A levels were lower in hypertensive than in normotensive patients, although the difference was not significant. In women with GDM, free β-hCG concentration was lower than in healthy pregnant patients in the study group; however, the difference was also not significant. When biochemical markers' concentrations were compared between complicated/uncomplicated IVF and control pregnancies, no significant differences were found. A detailed analysis is presented in Table 3B .
Discussion
To the best of our knowledge, this study is the first regarding the results of the first trimester screening in IVF/ ICSI gestations and prediction of pregnancy complications in the Polish population. According to published studies, the concentrations of PAPP-A in IVF/ICSI gestations tend to be lower than in spontaneous pregnancies [6, 7, [11] [12] [13] [14] [15] [16] [17] [18] . However, some authors have shown that PAPP-A concentrations are comparable in ART and spontaneous gestations [19] [20] [21] [22] [23] . We have also demonstrated that the concentrations of PAPP-A in IVF/ICSI pregnancies in the first trimester are similar to those in controls. Regarding the levels of free β-hCG, there were no significant differences between the analysed groups, which is also in accordance with the previously reported data [6, 11, 14, 17] . A recently published meta-analysis points out that the clinicians should be cautious in interpreting first trimester serum results in IVF gestations. Lanes et al. selected 40 articles, of which 28 discussed PAPP-A in ART, but only 14 authors presented their results in MoM -the majority pointed to the lower concentrations in IVF pregnancies. Data regarding free β-hCG are still inconclusive, as the results vary from lower, through similar, to higher concentrations among the included studies [24] . Cavoretto et al. performed another meta-analysis, which sustained the results of Lanes et al. regarding PAPP-A. Nevertheless, they concluded that free β-hCG seems to be significantly higher in ART gestations, but only after ICSI [25] . Our results refer mostly to ICSI, as according to national EIM data ICSI contributes to around 95% of ART procedures in Poland [2] . As a result of lower PAPP-A, all the ART pregnancies may have a higher false-positive rate of genetic screening for trisomies, in particular trisomy 21. Therefore, according to previous suggestions by Nicolaides and his group [7] , all the risk estimations should be adjusted for the mode of conception. All the patients included in the presented study were adjusted for that upon risk calculation. The issue of genetic risk calculation in IVF/ICSI pregnancies has been extensively studied [6, 18, 26, 27] . Data suggest that the altered results of the first trimester biochemistry, especially PAPP-A, can be used as additional markers of further perinatal complications [8, [28] [29] [30] . Ong et al. published the results of a large cohort of patients followed up from the first trimester till the delivery. They showed that PAPP-A MoM values were significantly lower in pregnancies resulting in miscarriage, GH, growth restriction and GDM, but not in the group of preterm deliveries [8] . Dugoff et al. [28] reported very similar results, including significant differences also for the PTD. Nevertheless, no such large analyses have been performed so far for IVF/ICSI gestations. As the ART singleton gestations have a proven worse obstetric outcome [1, 3, 4] , it is worth verifying if PAPP-A/free β-hCG concentrations could help clinicians predict the outcome.
The infertile population undergoing IVF treatment is a very complex and heterogenic group, with a long list of confounding factors possibly influencing the results of screening markers. Various authors have suggested the influence of underlying infertility, multiple corpora lutea, unknown metabolic disturbances or even an altered foetoplacental development in infertility conditions -however, also of unknown origin [6, 12, 13, 15, 31] . Finally, it is known that ovarian stimulation leads to altered endocrine profiles of the patients during fresh embryo transfer procedures, which may influence implantation and early placentation [1, 32, 33] . It is therefore very difficult to determine which of the above might really be the cause of the problem.
Only single authors followed up the pregnancies from the first trimester to the delivery and compared PAPP-A/free β-hCG with the perinatal outcome. Bender et al. showed a significantly higher rate of SGA in IVF (10%) and ICSI group (8.2%) in comparison to the general population (4.6%) -the rate is comparable to the one obtained in our study (9.8%). The authors further analysed PAPP-A concentrations in SGA and appropriate for gestational age (AGA) groups and they found significantly lower levels of PAPP-A in SGA. However, that result did not depend on the mode of conception. They also underlined that decreased mean levels of PAPP-A in IVF/ A line extends from the minimum to the maximum value, excluding "outside" and "far out" values which are displayed as separate points. An outside value is defined as a value that is smaller than the lower quartile minus 1.5 times the interquartile range, or larger than the upper quartile plus 1.5 times the interquartile range (inner fences). A far out value is defined as a value that is smaller than the lower quartile minus 3 times the interquartile range, or larger than the upper quartile plus 3 times the interquartile range (outer fences). These values are plotted with a different marker in the warning colour. ICSI pregnancies were not the consequence of impaired foetal growth [15] . Zhong et al. evaluated the impact of PAPP-A and β-hCG on adverse perinatal outcome in a group of 265 ART pregnancies. In contrary, they observed that IVF/ICSI pregnancies with low PAPP-A had a higher risk of a SGA newborn and PTD than controls with low PAPP-A concentrations, suggesting that the mode of conception does matter [34] . In the presented study, the results for SGA did not differ significantly from AGA among IVF/ICSI gestations, but this might be due to the small number of subjects. Nevertheless, PAPP-A concentrations do not seem to be an additional help in predicting SGA in ART with a better accuracy in comparison to general population. As GH, PE and growth restriction have a possible common underlying cause of impaired placentation [35] , we decided to combine the above pathologies and verify PAPP-A MoM of affected and non-affected ART gestations. Although the results did not reach significance, probably due to the number of studied subjects, the trend for lower PAPP-A MoM was visible in affected patients (0.72 vs. 1.08; P = 0.07). Moreover, there seems to be no additional advantage of biochemical markers in IVF gestations in comparison to spontaneously conceived ones with regard to prediction of pregnancy complications, as there were no differences in PAPP-A and free β-hCG concentrations between affected and unaffected cases between the two groups.
The advantage of the presented study is its prospective character. It is also one of the very few papers referring to the final perinatal outcome in IVF patients with regard to the results of the first trimester biochemical markers.
Based on our study, the first trimester biochemical markers in ART pregnancies do not seem to have any additional effect on predicting the risk of pregnancy complications. Therefore, while trying to predict pathologies resulting from impaired placentation, the clinicians should not underestimate or overestimate the risk based on the mode of conception. It seems that regarding this particular issue IVF/ICSI and spontaneously conceived pregnancies could be treated equally. Future studies should concentrate on large cohorts of ART patients with complete data referring to the first trimester biochemistry and the perinatal outcome.
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